It is believed that medical diagnosis involves two complementary processes, analytic and similaritybased. There is considerable debate as to which of these processes defines diagnostic expertise and how best to teach clinical diagnosis and reduce diagnostic errors. The purpose of these studies is to document the use of these strategies in medical students. We shifted the balance in use of these processes and improved diagnostic accuracy with instructions given posttraining at the moment of diagnosis. Analytic processing reflecting the degree to which cases contain the diagnostic rules was indexed by the rate of accuracy on typical versus atypical cases (typicality effect). Similarity-based processing reflecting the degree to which cases resemble previously encountered cases was indexed by the rate of accuracy on similar versus dissimilar cases (similarity effect). Two studies are presented illustrating that diagnosis involves the coordination of analytic and similarity-based processes and that differential instruction given at test shifts the balance in the use of these processes. Study 1 illustrated that participants adopting an analytic strategy exhibit a larger effect of typicality. Participants adopting a similarity-based strategy exhibit a larger effect of similarity. The diagnostic approach of students given no instructions was predominantly analytic. Dual instructions in which participants first employed similarity-based processing followed by the application of rules improved overall accuracy. Study 2 investigated two versions of dual instructions and illustrated that assessing a case with the rules of diagnosis first may inhibit the subsequent use of similarity-based reasoning. The implications for diagnostic expertise and pedagogy are discussed.
To accomplish the task of medical diagnosis, information of various types must be considered and integrated. Researchers have advanced various conceptual models of this process and its representation in memory. Expert knowledge has been described in terms of propositional networks (Patel & Groen, 1986) , semantic axes (Bordage, 1994) , symptom by disease probability matrices (Papa & Elieson, 1993) , and concept maps (McGaghie, Boerger, McCrimmon, & Ravitch, 1996) . The diagnostic process has been viewed as hypothetico-deductive, in which the practitioner advances multiple hypotheses and tests them by gathering additional data (Elstein, Shulman & Sprafka, 1990; Neufeld, Barrows, Feightner, & Norman, 1981) or as a process of forward reasoning, inferencing from data to diagnosis (Patel, Groen & Arocha, 1990) .
These accounts of expert diagnosis assume a single type of reasoning process and a single type of knowledge base. Such a position must be viewed as simplistic. It is possible that in reaching a diagnosis, at least two types of information, formal analytical knowledge, including the rules of diagnosis, knowledge of causal mechanisms, and the symptom-disease probabilities, and episodic memory of specific cases (implicitly or explicitly) are used. Further, it is conceivable that the balance in the use of these two kinds of information may change with experience. Because novice clinicians have little clinical experience, they would presumably rely more heavily on formal rule-based knowledge. In contrast, experts who can draw on years of experience may rely more on exemplarbased knowledge (Norman, Brooks, Allen, & Rosenthal, 1990; Schmidt, Norman, & Boshuizen, 1990; Schmidt, Boshuizen, & Norman, 1992; Schon, 1983 Schon, , 1987 . The relative balance of these strategies may also depend on the difficulty or nature of the case. Evidence for these conjectures derives from experimental studies of diagnosis in visual domains such as dermatology, electrocardiology, and patient appearance (Brooks, Norman & Allen, 1991; Kulatunga-Moruzi, Norman, and Brooks, 2001; Kulatunga-Moruzi and Brooks, 2004; LeBlanc, Brooks, & Norman, 2002; Regehr, Cline, Norman, & Brooks, 1994) as well as with verbal patient information material (Hatala, Norman & Brooks, 1999a; Mamede et al., 2010a; Young, Brooks, & Norman, 2007) . Emerging from these studies is evidence for two concurrent processes. Diagnosis seems to involve an analytical process, invoking the diagnostic rules and the comparison of the signs and symptoms of the presenting case against them, and a similarity-based process, the comparison, often without awareness, of the similarity of the present case to particular previously encountered cases.
These two hypothesized components have different influences on the diagnostic process. When engaged in analytic processing, the clinician is thought to reach a diagnosis by considering the separate features of the case and comparing these features to well-established diagnostic criteria. Basal cell carcinoma, for example, may be defined by the rules: flesh-colored, translucent, pearly, dome-shaped lesions with telangiectasia on sun exposed skin, with the probability being higher with pale skin and increasing age. Typical cases, those possessing several features of a particular diagnostic category, are diagnosed more efficiently than atypical cases, those containing fewer features of a particular diagnostic category. This independent cues model is the basis of several approaches to medical decision-making, including Bayesian (Weinstein & Fineberg, 1980) multiple regression (Wigton, 1988) , and prototype models of diagnosis (Bordage & Zacks, 1984) , as well as prototype models of categorization (Rosch & Mervis, 1976) .
By contrast, similarity-based processing is thought to make use of memory for specific, previously diagnosed cases. If the physical findings and history of the presenting case is similar to a previously encountered case, then it is likely to be of the same diagnosis (Medin, Altom, Edelson, & Frecko, 1982; Brooks, Norman, & Allen, 1991) . A critical assumption of this model is that the similarity between cases may arise from contextual aspects of the stimulus in addition to diagnostically relevant features Hatala, Norman, & Brooks, 1999b) . Given the availability of such a repository in memory, it is reasonable to presume that cases that match a prior exemplar are diagnosed more efficiently than dissimilar cases.
Each of these hypothesized components of the diagnostic process has potential positive and negative consequences. A strict analytic strategy whereby all diagnostic data are carefully collected and assessed may reduce the chances of premature closure, that is, the early termination of a patient assessment. However, such an approach may also be an impediment to accurate diagnosis. Norman, Brooks, Colle, and Hatala (2000) found that learners who were instructed to use an analytic strategy by carefully outlining all clinical features before generating any diagnostic hypotheses performed less well than those who simply diagnosed the case and listed features after diagnosis. While participants in the diagnose-then-list-features condition provided a succinct list of clinical features, those in the analytic condition tended to outline irrelevant features, likely producing a confusingly long list of potential diagnoses (i.e., differentials) to choose from. The differential accuracy rate may also be attributable to the strict analytic strategy interfering with the normal balance of combined analytic and similarity-based processes that may have been adopted by those in the diagnose-then-list-features condition (KulatungaMoruzi and Brooks, 2001; Kulatunga-Moruzi, Brooks, Norman, and Scully, 2002) .
Based on this research, Kulatunga-Moruzi, Brooks, and Norman (2004) examined the performance of experienced clinicians who adopted a strict analytic strategy. Because experienced clinicians typically generate diagnostic hypotheses within seconds of encountering a case (Barrows, Norman, Neufeld, & Feightner, 1982; Elstein, Shulman, & Sprafka, 1977) , a strict analytic strategy was enforced by having experienced practitioners consider an accurate, comprehensive feature list before proceeding to examine a photograph of the case. This study showed that the diagnostic performance of experienced clinicians forced into an analytic mode of processing was significantly lower than the performance of a similar group of clinicians who simply diagnosed the case from a photograph alone. Thus, while the careful assessment of features may be prudent and warranted under certain circumstances, the routine analysis of all presenting features may decrease diagnostic performance.
Using a similarity-based strategy may also result in both positive and negative consequences. A potential benefit of the use of similarity is that it allows for the rapid generation of diagnostic hypotheses, possibly resulting from the consideration of features not included in the formal diagnostic rules. While such a strategy may be highly efficient (Hatala, Norman, & Brooks, 1999a; Kulatunga-Moruzi, Brooks, and Norman, 2001 ), a potential drawback is that it does not provide a way of rejecting an initial incorrect diagnosis. Further, in instances of comorbidity, that is, when more than one medical condition presents in a patient at a given time, the examination of a case may be ended too early as soon as one diagnosis is discovered. This type of premature closure, known as satisfaction of search, is well documented (Ashman, Yu, and Wolfman, 2000; Berbaum et al., 1990) and may be especially so in cases of comorbidity, in which one diagnosis presents atypically and thus is missed as soon as the typically presenting diagnosis is made. Given the evidence for confirmation bias and the ambiguity of medical stimuli (Berbaum et al., 1986 (Berbaum et al., , 1988 Brooks, LeBlanc, & Norman, 2000; Hatala, Norman, & Brooks, 1999b; Norman, Brooks, Coblentz, & Babcook, 1992; see Nickerson, 1998 for review), such a strategy may lead to diagnostic error. Many clinical educators (Klein, 2005; Redelemeier, 2001; Croskerry, 2002) , therefore, warn against relying on similarity-based processing.
Because there are potential positive and negative aspects with each of these processes, the coordination of these forms of knowledge, whereby errors generated by one process may be corrected by the other, is likely to improve diagnostic performance. Following this logic, Kulatunga-Moruzi (2005) has shown that the diagnostic accuracy of medical students on dermatology cases was significantly better when instructed to systematically use both analytic and similarity-based processing than when instructed to use a single strategy or when no instructions are given, leaving students to adopt their own strategy. Eva (2006, 2007) have shown similar findings in the diagnosis of cardiology cases by adopting the same conditions and rationale.
Researchers have also theorized how and when clinicians shift from one mode of processing to another (Schon, 1983 (Schon, , 1987 Dreyfus & Dreyfus, 1986; Bereiter & Scardamalia, 1993) and have uncovered some of the variables that may impact on the utility of each of these diagnostic strategies. Using internal medicine cases, Mamede, Schmidt, Rikers, Penaforte and Coelho-Filho (2007) showed that ambiguous internal medicine cases led residents to switch from a similarity-based, automatic mode of processing to a more analytic, reflective mode of processing. Mamede, Schmidt, and Penaforte (2008) have also shown that while there was no difference in diagnostic accuracy of routine internal medicine cases between participants who used a quick first impression (likely based on similarity-based processing) and those who were guided to use more analytic processing (based on reflective practice), the diagnosis of more complex cases benefited from a more analytic approach. Further, Mamede and colleagues (2010a) have shown that experienced clinicians using similarity-based processing made more errors consistent with an availability bias and that a reflective analytic strategy countered this bias. These researchers (Mamede et al., 2010b) have also shown that for complex cases, expert performance was improved by the use of analytic processing (conscious deliberation). The performance of novices, however, was improved by similarity-based processing (deliberationwithout-attention) for simple cases.
While these studies have provided much insight into the diagnostic process, none of them have systematically indexed the use of both modes of operation. The works of Kulatunga-Moruzi, (2005) ; Kulatunga-Moruzi, Brooks, and Norman, (2001) and are exceptions. Using slides of dermatological lesions and a 2 ϫ 2 factorial design, these researchers experimentally orthogonalized the dimensions of typicality and similarity to examine the separate effects of test-time instructions on analytic and similarity-based processes. The definitions of typicality and similarity in these experiments require some elaboration. In contrast to the psychological literature on prototype theory, typicality in these studies is defined by how well a case displays the characteristics named in the clinical rules. Similarity in these studies refers to the specific similarity of an example previously encountered in the training phase, which may derive from diagnostically relevant and or irrelevant features. It was reasoned that if typical cases are diagnosed more accurately than atypical cases regardless of similarity, then analytic processing is dominant. If, however, similar cases are diagnosed more accurately than dissimilar cases, regardless of typicality, then similarity-based processing is dominant. This orthogonal design revealed a significant component of both analytic and similarity-based processing in both medical students (Kulatunga, Brooks, and Norman, 2001 ) and residents . Further, each of the studies indicated that the instructions given at the moment of test may influence the balance of the two modes of processing. However, the results were inconsistent. While the study with students only showed a positive effect of instruction for the Similarity-based group, the study with residents only showed a positive effect of instruction for the Rulebased group.
The present paper extends the work of Kulatunga-Moruzi, Brooks, and Norman (2001) using a similar orthogonal factorial design. In two studies, we examine the coordinated use of both analytic and similarity-based processes, shifting the balance in the use of these two modes of processing with instructions. Further, we examine how the diagnostic process of learners may be optimized. As with the earlier work, analytic processing is indexed by the difference in performance between typical and atypical cases regardless of similarity. Similarity-based processing is indexed by the difference in performance between similar and dissimilar cases regardless of typicality. The results of the studies indicate the use of both types of processes in reaching diagnosis. Further, Study 1 revealed that the usual diagnostic approach of medical students when no instructions are given is more analytic, resembling the pattern of performance of participants in the rule-based condition. Participants instructed to use similarity to generate diagnostic hypotheses and then to actively test these hypotheses using the clinical rules outperformed participants instructed to use a single strategy. Study 2 was designed to examine whether committing to a diagnosis based on similarity leads to an anchoring effect and to determine whether assessing a case using the clinical rules breaks up a case into feature components such that subsequent similaritybased processing is impeded. This study illustrated that assessing a case with the rules of diagnosis first may inhibit the subsequent use of similarity-based reasoning and that the use of similaritybased processing first is unlikely to result in an anchoring effect.
Experiment 1: Manipulating and Optimizing Diagnostic Strategy
In the Kulatunga-Moruzi, Brooks, and Norman (2001) study, one group of participants was given instructions to foster analytic processes (Rule-based group) while a second group was given instructions to foster similarity-based processes (Similarity-based group). While the instructions at the time of the test differed for the two groups, both groups received the same pretest training. Similarity-based instructions at test significantly shifted the balance toward more similarity-based processing, but the Rule-based group did not exhibit a significantly larger typicality effect than the Similarity-based group. Overall accuracy was low (37%).
A plausible explanation for the lack of typicality by instruction interaction in the Kulatunga-Moruzi, Brooks, and Norman (2001) study may be that the participants were complete novices with no training in dermatology. The lack of formal knowledge of dermatology, as indicated by participants' low overall accuracy rate, would limit their ability to think more analytically and apply the rules when asked. To rectify this issue, all participants in the current studies were given a brief introduction to dermatology and the rules of diagnosis for the disorders presented in the study.
To examine the diagnostic performance of novice clinicians further, two new conditions were added. The first, Similarity ϩ Rule condition, was designed to foster both types of processing, in an attempt to improve overall diagnostic performance. In this potentially optimal condition, participants were first instructed to use similarity between cases to generate a diagnostic hypothesis (Pass 1) and then to reassess this initial diagnosis by carefully applying the learned rules (Pass 2). We reasoned that this condition might take advantage of the positive aspects of each type of processing while minimizing the negative aspects by having the other strategy as a potential check. The second condition, No Instructions, functions as a baseline condition to determine the relative reliance on analytic and similarity-based processing when no explicit instructions are given. Further, it allows us to compare such performance to performance in which instructions are given. Because one of the goals of the Kulatunga, Brooks, and Norman (2001) and studies was to shift the relative reliance on the use of these two processes, performance has only been observed under instructions. As such, the normal diagnostic strategy of learners is yet to be determined. By asking participants to focus on a single strategy (rule-based or similarity-based) in previous studies, the potential to adopt both strategies may have been hindered. It might, therefore, be reasonable to expect performance in the absence of instructions to resemble performance under a dual strategy. Because the rules of diagnosis are strongly emphasized in early medical training, however, we anticipated performance under the No Instruction condition to be similar to performance under the Rule-based condition. Thus, four experimental conditions were run: Rule-based, Similarity-based, Similarity ϩ Rule, and No Instruction. See Figure 1 for schematic of design.
Method
Participants. The participants in the study were 51 medical students at McMaster University in their first three instructional units before clerkship (17-22 weeks completed) in the 2002-2003 academic year. The McMaster undergraduate medical program uses a problem-based approach to learning. The curriculum consists of five organ system units. The program is three years in length and runs 11 months in each year. The first two years largely consist of academic learning, while the third year is primarily dedicated to clinical training. None of the participants had completed any prior training in dermatology. Participants were recruited by the experimenter and paid for their participation. To provide appropriate instruction and feedback, experimental sessions were run in groups of two to five. Participants were informed that their participation was voluntary and that their performance had no bearing on their academic record. Ethics approval for this study was granted by the Faculty of Health Sciences/Hamilton Health Sciences Corporation Research Ethics Board.
Materials. The materials were color slides of the most common North American dermatological conditions consisting of 10 disease quartets similar to the Kulatunga, Brooks, and Norman (2001) study with minor changes plus five filler cases. Each disease quartet consisted of four different cases representing a different disease condition. Within each quartet, two of the cases were typical and two were atypical. The two typical cases (T1 and T2) were similar in overall appearance, and the two atypical cases (A1 and A2) were similar in overall appearance. Each typical pair in a given quartet was dissimilar in overall appearance to the atypical pair. Please see appendix for examples of quartets.
Typicality ratings. To verify the dimension of typicality, each slide was rated for typicality by two dermatologists on a sevenpoint scale (1 ϭ highly typical, a textbook example and 7 ϭ highly atypical, a bizarre manifestation of the disease). The items were dichotomized based on these ratings: typical (1-3) and atypical (5-7). The mean typicality rating for the typical pairs was 1.6, ranging from 1.0 to 2.5. The mean typicality rating for the atypical pairs was 5.5, ranging from 5.0 to 7.0. As a final check for the dimension of typicality, the two typical slides and the two atypical slides in the each quartet had typicality ratings within one point on a seven-point scale.
Similarity ratings. To verify the dimension of similarity, the similar slides were chosen such that many of the variables visible in the case were the same (e.g., location, size, color, and general appearance of lesion, gender, race, and age of patient, angle of photograph, lighting, etc.). Thus, similarity was strictly governed by visual cues and no patient history accompanied the photographs. Two nonexperts, who had no specific knowledge of dermatology, judged the cases for similarity; picking two typical and two atypical cases that were most similar in overall appearance. A second set of two nonexperts as well as two dermatologists rated the quartet pairs for similarity on a seven-point scale (1 ϭ not at all alike and 7 ϭ highly alike). The mean similarity rating for the nonexperts for the typical pairs was 6.15, ranging from 5.0 to 7.0. The mean similarity rating for the atypical pairs was 6.1, ranging from 5.0 to 7.0. The similarity ratings of the dermatologists were similar to that of the nonexpert raters. For the dermatologists, the mean similarity rating for the typical pairs was 6.0, ranging from 5.0 to 7.0. The mean similarity rating for the atypical pairs was 6.0, ranging from 5.0 to 7.0.
Five additional slides from four additional disease categories were selected as filler items, yielding 45 possible cases. Three of these filler cases were shown in the training phase and two in the test phase. Materials in the instructional phase consisted of 14 additional color slides of the same 10 diseases represented in the quartets as well as 4 additional disease categories. The instructional cases were carefully chosen so that they were not contextually similar to any cases shown in the training and test phases.
Procedure. The study consisted of an instructional phase followed by a training phase, then a test phase. All participants engaged in each phase of the experiment. In the training phase, one case from each quartet was presented; with five slides representing typical cases (T1) and five slides representing atypical cases (A1) along with three filler cases (13 slides). The test phase consisted of two of the remaining slides, one typical case (T2) and one atypical case (A2) from each quartet resulting in 10 typical cases and 10 atypical cases. Within each of the sets of 10 slides, five were similar to the training slides and five were dissimilar to the training slides. Thus, the test slides consisted of five typical-similar, five typical-dissimilar, five atypical-similar, and five atypicaldissimilar cases. With the addition of two filler cases, there were 22 test cases. To ensure that there was no bias resulting from slide selection during training, four counterbalances were used such that each case was used in both the training and test phases of the study. Instructional phase. Because the participants had no prior instruction or experience in dermatology, the instructional phase was designed to acquaint them with the basic terminology used in dermatology and 14 of the most common North American dermatological conditions. In this phase, participants were given a booklet developed by one of the authors (C.K.-M.) that described the 14 conditions (representing the 10 disease quartets plus the four filler categories) used in the study. Participants were given as much time as they needed to review the booklet. Participants took approximately 30 minutes to review the booklet and indicated to the experimenter when they were ready to proceed. Participants were then shown typical cases of each of 14 conditions. Using the booklet as a guide, the clinical features of each case were pointed out and discussed. Participants were free to ask questions and discuss the cases. Each case was presented and discussed for approximately five minutes.
Practice phase. Immediately after the instructional phase, all participants engaged in a practice phase in which each slide (one from each of the 10 disease quartets plus three filler cases), was presented twice. To establish that similarity to a past case is often a useful and effective strategy, on the first pass participants were asked to think about whether they had encountered a similar case from personal experience, a family member or friend, textbook, and so forth. They were then asked to examine each case carefully and list all presenting features using the instructional booklet. Finally, they were asked to diagnose each case (primary diagnosis) and list any differentials (other possible diagnoses) they considered. All responses were recorded in a training booklet. Participants were given as much time as they needed with each case before proceeding to the next. Once all 13 cases had been diagnosed, each case was presented again. On the second pass, participants were invited to volunteer their diagnoses. For each case, feedback was given with respect to the correct diagnosis, its typicality (typical/atypical), as well as the presenting clinical features. For atypical cases exhibiting few clinical features, participants were reminded of the rules of diagnoses. On the second pass, each case was discussed for three to five minutes.
The practice phase was intended to invoke both types of processing: analytic processing by encouraging the systematic evaluation of clinical features and similarity-based processing by providing prior experience with particular case and giving a rationale for using similarity and was identical to the practice phase of the Kulatunga-Moruzi, Brooks, and Norman (2001) study. A key factor of the practice phase is that it allows for the manipulation of similarity by providing participants with a particular example from each quartet that is similar to one that is used at test.
Test phase. Immediately after training, participants engaged in the test phase. Each subject was randomly allocated to one of three experimental sessions: No Instruction, Rule-based, or Similarity then Rules. Participants in the No Instruction session were simply asked to diagnose each case without instruction on how to approach the task (NI condition). Participants in the Rule-Based session were asked to carefully assess each case by identifying all clinical features present in the case before providing a diagnosis (RB condition). Participants in the Similarity then Rule session were presented with each test case twice. On the first pass, participants were instructed to provide a quick diagnosis by giving the diagnosis that first came to mind (SB condition). On the second pass, participants were instructed to reexamine their initial diagnosis thoroughly using the rules of diagnosis (S ϩ R condition). Participants were explicitly told that they were welcome to keep or change their initial diagnosis as necessary. Participants in all three conditions took approximately 45 minutes to complete the test phase of the study. Thus, three sets of comparisons may be made: 1) RB to SB, 2) RB to S ϩ R and SB to S ϩ R, and 3) NI to S ϩ R, SB, and RB. In both the training and test phases, if the participant listed the correct diagnosis as their primary diagnosis, it was scored as correct.
Comparing RB and SB conditions. The analyses and comparison of performance under the RB and SB conditions allows for replication and allows for some interesting comparisons on case type. Based on the previous research, we anticipated effects of both typicality and similarity. If the type of information used at the moment of diagnosis is amenable to instruction, we should observe a larger effect of typicality and a smaller effect of similarity for the RB group and a larger effect of similarity and a smaller effect of typicality for the SB group. Because typical-similar cases can be diagnosed by using either the rules of diagnosis or by drawing an analogy to the similar case in the practice phase, we anticipated similar rates of relatively high diagnostic accuracy for both the RB and SB groups. Following the same logic, because neither the rules of diagnosis nor similarity to a case examined in the practice phase is helpful in diagnosing atypical-dissimilar cases, we anticipated similar rates of relatively low accuracy for both instructional groups. The critical comparisons indicating a shift in the balance of the type of information used at the moment of diagnosis arise from the examination of typical-dissimilar and atypical-similar cases. Specifically, because typical-dissimilar cases can be more adequately assessed with the rules of diagnosis, we anticipated the RB group to have an advantage over the SB group for typicaldissimilar cases. For atypical-similar items, however, we anticipated the SB group to have an advantage over the RB group because these cases contain few of the diagnostic features but are reminiscent of cases seen in training.
Comparing RB to S ؉ R conditions and SB to S ؉ R conditions. The comparison of performance under the S ϩ R conditions to both of the conditions emphasizing only one mode of operation, RB and SB conditions, allows us to examine whether instructions fostering both types of processing would improve diagnostic accuracy over the use of a single diagnostic strategy. We reasoned that the two-stage procedure would have the most impact on typical-dissimilar cases, where increased attention to the rules on the second pass might correct errors arising from similarity-based reasoning on the first pass.
Comparing the NI condition to S ؉ R, SB, and RB conditions. The comparison of performance under the NI condition to performance under each of the other conditions, RB, SB, and S ϩ R conditions, allows us to determine the usual strategy adopted by novice clinicians, whether the pattern of performance under the NI condition resembles any of the other strategies and which of these strategies results in the greatest diagnostic accuracy. It may be that the "normal strategy" is one that incorporates the use of both similarity and typicality, such that the pattern of performance under the NI condition is similar to that of the S ϩ R condition. Because there is a heavy emphasis on the rules of diagnosis in medical training and these participants have had little opportunity to acquire and encode examples, we anticipated that performance under the NI condition would be similar to performance under the RB condition. Figure 2 depict diagnostic accuracy for participants in each of the four instructional conditions: RB, SB, S ϩ R, and NI on each of the four case types (typical-similar, typical-dissimilar, atypical-similar, and atypical-dissimilar). Although participants were asked to list differentials in the experimental phase, for the majority of cases only one diagnosis was listed. Therefore, a case was scored correct if the participant listed the correct diagnosis as their primary diagnosis. Differentials were not analyzed. Although a direct comparison cannot be made between the Kulatunga, Brooks, and Norman (2001) study owing to small differences in experimental materials, the overall accuracy of participants in the current study (52%) is substantially higher than that of participants in the previously reported study (37%), confirming that students had adequately grasped the diagnostic rules covered in the instructional phase.
Results and Discussion
An analysis of the training data indicated that diagnostic performance on typical cases (50%) was significantly better than on atypical cases (40%), providing a check of our manipulation of typicality, t(51) ϭ 2.13, p Ͻ .05, d ϭ 0.28.
Comparing RB and SB conditions. To assess the impact of instruction given at the moment of test, the proportion of correct responses for each of the four types of cases (typical-similar, typical-dissimilar, atypical-similar, and atypical-dissimilar) was used to compare the two instructional test groups using a threeway mixed analysis of variance with instructional test condition (RB, SB) as a between-subjects factor and typicality (typical, atypical) and similarity (similar, dissimilar) as within-subject factors.
The results of the analysis revealed no difference in overall accuracy between the RB (50%) and SB (51%) conditions, F(1, 37) ϭ 0.049, MSe ϭ 0.050, p ϭ .83. The effect of typicality was significant, F(1, 37) ϭ 58.7, MSe ϭ 0.031, p Ͻ .001, 2 ϭ .19 with typical cases (61%) being diagnosed more accurately than atypical cases (40%). The effect of similarity F(1, 37) ϭ 140.7, MSe ϭ 0.051, p Ͻ .001, 2 ϭ .74 was also significant with similar cases (73%) being diagnosed more accurately than dissimilar cases (29%). The typicality by instruction interaction, F(1, 37) ϭ 10.14, MSe ϭ 0.031, p Ͻ .001 was significant, as was the similarity by instruction interaction, F(1, 37) ϭ 7.88, MSe ϭ 0.051, p Ͻ .05. Post hoc analyses (Newman-Keuls) revealed that participants in the SB group (78%) diagnosed similar cases significantly more accurately than participants in the RB group (67%), p Ͻ .05, and that participants in the RB group (66%) diagnosed typical cases significantly more accurately than participants in the SB group (57%), p Ͻ .05. No other interactions were significant.
These results indicate that both the rule-based and similaritybased instructions given at the moment of test are effective in altering the diagnostic strategies used. Planned comparisons of diagnostic performance for each of the four types of test cases are consistent with this interpretation. Specifically, for typical-similar cases, diagnostic performance under the RB condition (81%) was similar to that of the SB condition (84%), t(37) ϭ 0.52, p ϭ .74. Likewise, there was no difference in diagnostic accuracy for atypical-different cases (Rule-based 18%, Similarity-based 18%), t(37) ϭ .06, p ϭ 68. However, for typical-dissimilar cases, the accuracy of those adopting a RB strategy (50%) was significantly greater than those adopting a SB strategy (31%), t(37) ϭ 2.44, p Ͻ .05, d ϭ .91. Conversely, for atypical-similar cases, those adopting a SB strategy (71%) significantly outperformed those adopting a RB approach (52%) t(37) ϭ 2.97, p Ͻ .01, d ϭ .93.
Comparing RB and S ؉ R conditions and SB and S ؉ R conditions. To assess whether systematic instruction to use both specific similarity and the diagnostic rules lead to superior performance than when instructed to use a single strategy, two separate planned comparisons were done. The first compared overall diagnostic performance under the S ϩ R condition to performance under the RB condition, and the second compared performance under the S ϩ R condition to the SB condition. An independent sample t test comparing overall performance under the RB condition (50%) to the S ϩ R condition (57%) indicated that performance under the dual strategy (S ϩ R) was significantly better than performance under the RB strategy, t(37) ϭ 3.84, p Ͻ .001, d ϭ .55. A paired t test indicated that performance under the S ϩ R condition (57%) was also significantly better than under the SB condition (51%), t(37) ϭ 3.50, p Ͻ .001, d ϭ .76. Students were able to gain accuracy on the second pass by reassessing each case using the rules of diagnosis.
To examine the improvement in diagnostic accuracy under the dual instructions more closely, any change in primary diagnosis from Pass 1 (SB condition) to Pass 2 (S ϩ R condition) was noted. A score of ϩ 1 was assigned for a change to the correct diagnosis, and a score of Ϫ1 was assigned to a change to an incorrect diagnosis. Thus, each participant's score could potentially range from Ϫ20 (Pass 1 all correct, Pass 2 all incorrect) to ϩ 20 (Pass 1 all incorrect, Pass 2 all correct). Analysis of the average change score between typical (0.38) and atypical (0.10) cases approached Comparing the NI condition to RB, SB, and S ؉ R conditions. The pattern of performance under the NI condition was remarkably similar to that of the RB condition, particularly for typical cases, indicating that the clinical decision making of students relies heavily on diagnostic rules. A three-way mixed analysis of variance with instructional group (RB, NI) as a betweensubjects factor and typicality (typical, atypical) and similarity (similar, dissimilar) as within subject factors yielded only significant effects of typicality F(1, 28) ϭ 79.27, MSe ϭ .03, p Ͻ .0001, 2 ϭ .51 and similarity F(1, 28) ϭ 51.44, MSe ϭ 0.05, p Ͻ .0001, 2 ϭ .48, confirming that performance under NI condition (49%) is similar to that of performance under the RB condition (50%). While it may be argued that the instructional phase of the experiment may have primed participants in the NI condition to respond using an analytic approach, producing the observed results, the instructional phase is analogous to the type of instruction that medical students receive. Thus, the manner in which students approach the diagnostic task in this experiment is similar to how they would approach any diagnostic task.
Because overall diagnostic accuracy under the RB (50%) and SB (51%) conditions was similar, we can assume that overall accuracy under the SB (51%) and NI (49%) conditions to also be similar. An independent sample t test confirmed this conclusion t(31) ϭ 0.66, p ϭ .26.
An independent sample t test on overall diagnostic accuracy confirmed the benefit of dual instructions. The difference in performance between the dual (57%) and NI (49%) conditions approached statistical significance, t(31) ϭ 2.26, p ϭ .05, d ϭ .86. Thus, systematic instruction to use both types of information, case similarity and the rules of diagnosis resulted in greater diagnostic accuracy (an absolute increase of 6 -8% or a relative increase of 12-16%) than when instructed to use only one type of information.
The results of this study, consistent with previous studies (Kulatunga-Moruzi, Brooks, and Norman, 2004; , provide evidence for a coordinated use of analytic and similaritybased processes in reaching a diagnosis. Further, the results illustrate that, keeping training constant, instruction given at the moment of diagnosis can shift the balance of analytic and similarity-based processes. The finding that the performance of preclinical medical students was predominantly analytic is worth documenting, as it is often believed that errors in diagnosis are more likely to occur because of the use of similarity-based reasoning (Croskerry, 2002 (Croskerry, , 2006 . Instructions aimed to capitalize on both types of processes resulted in increased diagnostic performance.
Experiment 2: Fine-Tuning Dual Strategies
A potential problem with the S ϩ R dual strategy used in Study 1 is that although participants were free to change their original diagnosis on the second pass, writing down their primary diagnosis on the first pass may have created an anchoring effect, whereby an incorrect diagnosis arrived at based on similarity is maintained even when the assessment of the case with the rules of diagnosis on the second pass may lead to the correct diagnosis. If this is the case, their primary diagnosis and search for and interpretation of features may be affected (LeBlanc, Brooks, & Norman 2002; Hatala, Norman, and Brooks, 1999a; Norman, Brooks, Coblentz, & Babcook, 1992) . Thus, the sequential nature in which the diagnostic task was performed under the S ϩ R dual condition of Study 1 may be less optimal than one in which participants are encouraged to use both types of information concurrently. The order of information used by participants in the dual strategy condition may also be critical. It is possible, for example, that the careful assessment of clinical features "breaks up" the case in such a way that it impedes the ability to subsequently use a similarity-based strategy. Based on previous research (Kulatunga-Moruzi, Brooks, & Norman, 2004) we hypothesized that this would be the case.
The purpose of Study 2 was to examine two different versions of a dual strategy, Similarity & Rule and Rule ϩ Similarity, to address the possible issues of similarity-based processing resulting in an anchoring effect and rule-based processing "breaking-up" the case such that it is not possible to subsequently use similaritybased processing. Participants in the Rule ϩ Similarity condition were asked to approach the task using the diagnostic rules on Pass 1 and then to reassess this diagnosis using similarity to a prior case on Pass 2. Participants in the Similarity & Rules condition were asked to consider their diagnosis with both strategies.
Examination of the Rule ؉ Similarity condition. If approaching a case with the rules of diagnosis first breaks up a case such that it cannot be assessed anew with similarity, we should find an inability to gain accuracy from Pass 1 to pass 2 in the Rule ϩ Similarity condition. This would be particularly so for atypical-similar cases where one would expect to find the most gain (within study comparison).
Examination of the Similarity & Rules condition. If the act of committing to a diagnosis on paper based on similarity alone before checking that diagnosis with the rules, results in an anchoring effect, we should find performance under Similarity & Rules condition to be significantly better than the performance of participants in the dual strategy (S ϩ R) condition in Study 1 (between study comparison).
Examination of Similarity & Rule and Rule ؉ Similarity conditions. If how analytic and similarity-based processing is combined has an effect on the diagnostic task, we should find the pattern of performance across the four types of cases be different. Thus, the two different versions of a dual strategy, Similarity & Rule and Rule ϩ Similarity, were compared. Based on the previous study, we anticipated the overall rate of accuracy to be similar but the pattern of performance to be different (within study comparison).
Method
Participants. The participants in the study were 22 medical students at McMaster University in their second instructional unit (17-20 weeks completed) in the 2003-2004 academic year. Participation was voluntary. Students were paid for their participation. Experimental sessions were run in groups of two to four students. All participants were informed of their rights as experimental participants and assured that their performance in the experiment would have no bearing on their academic profile. Ethics approval for this study was granted by the Faculty of Health Sciences/ Hamilton Health Sciences Corporation Research Ethics Board.
Although the participants in Study 2 were from the next academic year, effort was made to ensure that participants in Study 2 were comparable to those in Study 1. The participants were at a similar point in the curriculum and had not covered any dermatology. The admissions selection process for the undergraduate medical program and the recruitment process for the study remained the same. Further, all details of the study, the experimenter, location of study, recruitment process, and study procedure were held constant. Thus, there is no reason to believe that this cohort differed significantly from the previous cohort, allowing us to compare performance across the two studies.
Materials. The materials used in the study were the same dermatological cases used in the previous study.
Procedure. The design of the study was identical to that of the previous study. Participants first engaged in an instructional phase aimed at acquainting them with the basics of dermatology, followed immediately by a training phase and transfer phase. The materials, procedures, and expectations of participants in the instructional and training phases of the study were also identical to that of the previous study. In the transfer phase, participants were randomly assigned to one of two experimental groups, Rule ϩ Similarity or Similarity & Rule. Participants in the Rule ϩ Similarity condition were asked to diagnose each case twice. On the first pass, they were asked to approach the task using the diagnostic rules listing all clinical features, and then list their primary diagnosis and any differentials being considered. On the second pass, they were asked to reconsider their original primary diagnosis using similarity between cases to reach their final diagnosis. They were reminded that similarity is usually beneficial as similar cases are often in the same diagnostic category. Participants in the Similarity & Rules condition were told that both similarity to previously seen cases and the rules of diagnosis are integral to the diagnostic process and to use whichever they feel is necessary. They were told that for some cases similarity may be particularly effective, while for others, rules may be more effective and to consider their diagnosis with both strategies. Overall time on task was similar for the two conditions. Participants in each experimental condition completed the test phase of the study in approximately 45 minutes. Similar to the first study, a diagnosis was scored as correct if it was listed as the primary diagnosis. Figure 3 depict the mean proportion of correct responses of participants in the two dual instruction conditions of the second study, Rule ϩ Similarity, and Similarity & Rules.
Results and Discussion
Rule ؉ Similarity condition. A repeated measures ANOVA on accuracy for the Rule ϩ Similarity condition with pass (1, 2), typicality (typical, atypical), and similarity (similar, dissimilar) only yielded a main effect of typicality, F(1, 7) ϭ 17.00, MSe ϭ 0.01, p ϭ .001, 2 ϭ .21 and similarity, F(1, 7) ϭ 19.33, MSe ϭ 1.06, p ϭ .01, 2 ϭ .98. No effect of pass was found, F(1, 7) ϭ 1.34, MSe ϭ 0.004, p ϭ .19, indicating that once a case has been assessed with the clinical rules, it is likely not possible to assess it anew based on similarity. In an analysis of the average change score for atypicalsimilar cases (pass 1 ϭ 0.45, pass 2 ϭ 0.43) where one might expect to have the greatest gain by reassessing with similarity, no such gain was found t(7) ϭ 1.0, p ϭ .35. Similarity & Rules condition. To determine whether committing to a diagnosis on paper based on similarity alone results in an anchoring effect, the diagnostic accuracy under the S ϩ R condition of Study 1 was compared with diagnostic accuracy under Similarity & Rules condition. A three-way mixed analysis of variance with test condition (S ϩ R, Similarity & Rules) as a between-subjects factor and typicality (typical, atypical) and similarity (similar, dissimilar) as within-subject factors did not reveal a main effect of condition F(1, 33) ϭ 0.09, MSe ϭ 0.04, p ϭ .77, indicating similar rates of accuracy in the two conditions. Thus, using similarity to generate a diagnosis, which may be checked with the rules of diagnosis concurrently, does not appear to result in an anchoring effect. This analysis highlighted interesting differences between participants in the two conditions in performance on the different types of cases. The analysis revealed not only a main effect of typicality, F(1, 33) ϭ 9.36, MSe ϭ 0.03, p Ͻ .001, 2 ϭ .39 and similarity, F(1, 33) ϭ 59.18, MSe ϭ 0.04, p Ͻ .001, but also significant two-way interactions of condition by typicality F(1, 33) ϭ 14.38, MSe ϭ 0.03, p Ͻ .001, 2 ϭ .32 and condition by similarity F(1, 33) ϭ 5.5, MSe ϭ 0.03, p Ͻ .05 as well as a three-way interaction of condition by typicality by similarity F(1, 33) ϭ 5.5, MSe ϭ 0.3, p Ͻ .05. Post hoc analyses (NewmanKeuls) indicated that while participants in the Similarity & Rules condition (76%) performed significantly better on typical cases than participants in the S ϩ R condition (66%), p Ͻ .05, participants in the S ϩ R condition (48%) performed significantly better on atypical cases than participants in the Similarity & Rules condition (35%), p Ͻ .01. Conversely, while participants in the S ϩ R condition (80%) performed significantly better on similar items than their peers in the Similarity & Rules condition (59%), p Ͻ .001, on dissimilar items, those in the Similarity & Rules condition (53%) performed significantly better than those in the S ϩ R condition (33%). The pattern of performance indicates that the S ϩ R strategy resulted in greater reliance on similarity-based processing, while the Similarity & Rules strategy resulted in greater reliance on rule-based processing. As with Study 1, while the instructions did not differentially affect the overall diagnostic accuracy, it did differentially affect the type of information used to reach diagnosis. This finding is also consistent with the results of the first study in which novice clinicians who were given no instructions at test adopted a more rule-based approach to diagnosis.
Similarity & Rules and Rule ؉ Similarity conditions. Lastly, the performance of participants in the two conditions introduced in Study 2 was compared. A three-way mixed analysis of variance with test condition (Rules ϩ Similarity, Similarity & Rules) as a between-subjects factor and typicality (typical, atypical) and similarity (similar, dissimilar) as within-subject factors resulted in a main effect of typicality F(1, 20) ϭ 54.22, MSe ϭ 0.03, p Ͻ .0001, 2 ϭ .59, a main effect of similarity F(1, 2) ϭ 9.70, MSe ϭ 0.03, p Ͻ .01, 2 ϭ .11 and a typicality by similarity interaction F(1, 20) ϭ 13.90, MSe ϭ .03, p Ͻ .01. No other effects were significant. Again, although there was no difference in overall accuracy, the pattern of performance across the four types of cases differed significantly between the two conditions. Post hoc analyses (Newman-Keuls) found that for typical cases participants in the Similarity & Rules condition (0.76) did significantly better than participants in the Rules ϩ Similarity condition (0.58%), p Ͻ .001. Although this finding may, at first, be surprising, there may be an explanation. The participants in the Similarity & Rules were free to choose whichever strategy they deemed appropriate. Preclinical medical students who are given no instructions were shown to adopt a primarily analytic approach. Thus, if given the choice, as is the case in the Similarity & Rules condition, participants adopted a more rule-based approach. This explanation, however, does not address why participants in the Rule ϩ Similarity condition did not use typicality to a greater extent. One possibility is that their use of the rules of diagnosis may have been tempered by knowledge that they will be using similarity on the second pass.
The Rule ϩ Similarity condition contained only eight participants, thus the null effects observed may be attributable to a lack of statistical power. A rough power analysis using MSe of 0.015 suggests that we would be able to detect a difference in accuracy of the order of 9%. Further study with a larger student sample may provide more definitive conclusions. The second possible shortcoming of this study is the cross-study comparisons of the S ϩ R condition of Study 1 with the Similarity & Rules condition of Study 2. Because of the violation of random allocation, one could argue that the participants in the two studies may have differed on one or more dimensions. However, effort was taken to ensure that the participants in the two studies were similar. Further, all other details about the execution of study were held constant. The results of Study 2, though tentative, indicate that how analytic and similarity-based processing is combined may have an effect on the task of diagnosis in medical students.
Summary and Concluding Discussion

Implications
This research illustrates that instruction given to learners at the time of test can shift the balance of both analytic and similaritybased processing, a finding with some practical consequences. Much of the literature in medical education focuses on ways to improve clinical performance through designing and implementing more effective training (e.g., Fraser, 2003; Hatala, Brooks, Norman, 2003; Ogrinc et al., 2003) and is reminiscent of earlier research in psychology focusing on the impact of differential instruction and training on subsequent performance (e.g., Medin, Alton, & Murphy, 1984; Whittlesea, 1987) . In both the psychology and medical education literature, little attention has been given to instruction that may be given after training to improve performance. If instruction is given, it has usually taken the form of analytic instructions. Medical educators and those writing professional practice guidelines (Eisenberg, 1986) , for example, have traditionally espoused an exhaustive search of all relevant information. In the present studies, training was held constant and only instructions given at test were varied. The results indicate that such instruction has an impact on the manner in which students approached specific cases; however, there was no overall difference. Those who were given a rationale for using similarity performed at par with their peers who were asked to use a rule-based strategy. This finding is consistent with previous research (Ark, Brooks, & Eva, 2006; Kulatunga-Moruzi, 2005; Kulatunga-Moruzi, Brooks, and Norman, 2001; and extends several studies illustrating the strong impact of similarity in the diagnostic process in both visual (Allen, Norman, & Brooks, 1992) and nonvisual domains (Hatala, Norman, & Brooks, 1999a , 1999b Young, Brooks, & Norman, 2007) . Further, this finding is consistent with observational studies directly comparing the use of similarity-based processing against other modes of processing that found similarity-based processing to be effective at several levels of expertise (Coderre, Mandin, Harsyn, & Fick, 2003) . Because of the pseudoexperimental design of that study, however, it was not possible to compare diagnostic strategies on identical cases. Diagnostic strategy may be confounded with case difficulty (or case type, typical/atypical) leading to the observed results. The experimental design of the studies reported here allow for a more direct comparison of these two processes, suggesting that similaritybased processing should not simply be viewed pejoratively as rudimentary and error-prone pattern recognition (cf. Croskerry, 2002 Croskerry, , 2006 Klein, 2005; Redelmeier, Shafir, & Aujla, 2001; Redelmeier, Tan, & Booth, 1998) .
The role of similarity-based processing is not well addressed in current medical pedagogy. When learning about various diseases, the primary focus is on the identification of clinical feature in cases that present with the diagnostic rules. As such, the discussion of a disease condition is often accompanied by one or, at best, a few representative examples. Given the essential role of similaritybased processing in clinical diagnosis, early medical training could be carefully structured to expose students to a variety of exemplars, both typical and atypical. Using a variety of presentations of the same disease condition will allow learners to begin building a repertoire of cases early in their medical training, which will prove useful in clinical settings. A large and more diverse set of exemplars in training has been shown to increase transfer (Homa & Cultice, 1984) . Moreover, such presentation will allow students to learn the variability in presentation, at both the global and feature levels (see Kulatunga-Moruzi, Brooks, & Norman, 2004) , which may provide a source of perceptual matching (see and allow for contrastive learning (Ark, Brooks, & Eva, 2007; Coderre et al., 2003) . Given that similarity may be a powerful initial source of hypotheses, which may then be assessed analytically, the role of each of these processes must be taken into consideration in medical pedagogy.
A critical finding of this research that may inform medical training is that preclinical medical students who use a dual strategy in which similarity is used first or concurrently with the rules of diagnosis resulted in a consistent improvement over either single strategy. Performance under a dual strategy in which the rules of diagnosis are considered first, however, did not improve students' diagnostic performance. Although further research is necessary to definitively indicate why this may be so, the pattern of performance across the four different types of cases indicates that it may be attributable to the inability to use similarity once a strict rule-based mode of operation has been adopted.
One conjecture based on these results is that similarity may be particularly critical in the early stages of diagnostic reasoning, during hypothesis generation. While the two modes of operation are not mutually exclusive in that perceptual matching may be done on clinically relevant features, examination of the use of similarity on atypical cases, which contain few features of their diagnostic category, indicates matching on nondiagnostic but contextually correlated features. The generation of a diagnostic hypothesis based on a clinically relevant feature may be arrived at by either the use of similarity or the rules of diagnosis. If similarity is used, the rules may be critical in testing this initial hypothesis, generating alternate hypotheses as needed. Similarly, an initial diagnosis based on the rules of diagnosis may be checked by the deployment of similarity. Although there is little evidence for the latter in our study, this possibility is logical and perhaps may be seen more readily in experienced clinicians who have a larger repertoire of cases upon which to base a diagnosis. For the experienced diagnostician, then, similarity may be a way of reducing the oversimplification inherent in causal models. This conception of the diagnostic process may be viewed as an interplay of the two processes, similar to the "top-down, bottom up" processes seen in visual attention and perception. This more flexible conception of the diagnostic process that uses the generation and testing of diagnostic hypotheses by using both similarity between cases and the rules of clinical practice is contrary to that of linear forms of diagnosis (e.g., Bayesian models, forward reasoning models) and is consistent with other research (Kulatunga-Moruzi, Brooks, & Norman, 2004; Norman et al., 2000) . These results suggest that neither exemplar-based nor analytic processes can be considered a "fallback" approach that is only used when the other process is deemed insufficient for the purposes of diagnosis. Rather, both processes seem to provide concurrent support for diagnostic decisions.
Limitations
A possible concern for the generalizability of these studies stems from the fact that the participants in our study were preclinical students with no instruction or experience in dermatology, which calls into question whether diagnostic strategy may be as readily influenced in more experienced clinicians. The research reported by Regehr and colleagues (1994) using the same experimental paradigm with family and internal medicine residents illustrated the use of both types of processes and provided some indication of the effect of test-time instruction on the balance of analytic and similarity-based processes. Further, while it may be difficult to influence diagnostic strategy as readily with experienced clinicians, who promptly generate diagnostic hypotheses upon case presentation, the performance of both family practitioners and dermatologists has been shown to be influenced by forcing a more analytic strategy than they would normally adopt (Kulatunga-Moruzi, Brooks, & Norman, 2004) .
Future Directions
While this research contributes to the body of literature aimed at understanding the complexity of the diagnostic process and a number of variables have been identified that influence the relative use of these two processes (see McLaughlin, Rikers, & Schmid, 2008 for review), a question that needs to be addressed is how and when a clinician knows that his or her "usual balance" of rules and similarity may have resulted in an incorrect diagnosis. A fascinating topic of investigation, then, is this transition. A true expert as defined by Bereiter and Scardemalia (1993) is one who engages "in the integration and coordination of similarity-based, automatic resources and more effortful reflective processes" (Moulton, Regehr, Mylopolous & MacRae, 2007 p. 110) and can make the transition with ease, as the task requires it. Some thoughtful research has been pursued documenting this transition in surgery (Moulton, Regehr, Lingard, Merritt, and MacRae, 2009 . Studying this shift across other disciplines in medicine will not only yield important aspects of diagnostic expertise but is also likely to yield the most benefit in understanding diagnostic errors.
Another issue that needs to be addressed is the definition of similarity-based processing. In these studies we define it as the retrieval of and analogy to a similar case in training, where similarity is based on both clinically relevant and irrelevant features. The detection of similarity, here, is more likely conscious. For experienced clinicians, however, similarity-based processing may take on a different meaning, namely the unconscious analogy to a previously encountered case. It is possible that both of these types of similarity-based processes are likely to play a significant role in diagnosis. Further, the fact that matching may be done on relevant features blurs the distinction between what is traditionally thought of as similarity-based and analytic processing. The current medical cognition literature does not address these issues. Teasing apart these aspects of similarity-based processing is also likely to yield benefits in understanding the true nature of medical expertise and diagnostic errors.
(Appendix continues)
